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sensitive than the absorption spectrophotometric techniques described above.
In absorption spectrophotometry, the instrument must distinguish the differ-
ence between two similar light levels, whereas in emission spectrometry
(ideally) the blank or background produces no signal at all. The fact that
the exciting light in photoluminescence methods is a different color than the
emitted light permits the former to be filtered out. In the case of chemi-
and bioluminescence there is no exciting light per se, no light filtering is
necessary, and detection limits below attomolar (10"18 mole) quantities are
achieved with simple instruments.

Fluorescence and phosphorescence techniques are powerful, versatile,
and widely used in chemical analysis. While few of the analytes listed in
Table 1 are intrinsically fluorescent as solutes in seawater, some can be
determined directly or indirectly using added indicator molecules. For ex-
ample, aluminum ion can be determined by the fluorescence of the 8-
hydroxyquinoline complex ion. Hundreds of organic chelators exhibiting
this behavior are known. Specificity can be a problem, however, because
some compounds will bind up to 25 different ions. Some indicating schemes
rely on fluorescence upon binding a chelator to the metal ion, a less useful
method because of the higher baseline signals. Luminescence methods are
less applicable with nonmetals and anions, because fewer photoluminescent
complexes are known. The most widely used emission spectroscopic tech-
nique in ocean science is fluorescence, primarily because it permits sensi-
tive determination of chlorophyll. In situ fluorometers designed to measure
chlorophyll are now commercially available, an index of the broad interest
in this analyte. The sophisticated "double pulse" fluorometer provides a
measure of the fraction of chlorophyll actually engaged in photosynthesis,
and thus the fraction of photosynthesizing biomass that is functional (Kolber
et al., 1990). Chemical reactions designed to attach fluorescent markers to
amino acids allow measurement at natural concentrations by high-perfor-
mance liquid chromatography. This is a model for techniques that might be
developed for other types of organic compounds. Fluorescence has also
been used to provide serniquantitative measurements of oil (NRC, 1985).

Phosphorescence is growing in importance for condensed phase deter-
minations as techniques become available for reducing the quenching ef-
fects of solutes such as oxygen; at present it is practical mainly for solid
samples. Today's instruments, with powerful dye lasers for excitation, offer
detection limits in the micromolar range; sample preconcentration further
increases sensitivity while at the same time minimizing the deleterious ef-
fects of high salt concentrations on background levels.

An important adjunct to photoluminescence methods is the use of time
resolution. Following excitation, photoluminescent species spend a brief
time in the excited state before subsequent re-emission of the photon. For
classical fluorescence, this lifetime is in the nanosecond range, whereas for